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ABSTRACT

The “big six” countries (Bangladesh, India, Indonesia, Myanmar, Nepal, and Thailand) in the World Health
Organization South-East Asia Region (WHO SEAR) are currently facing severe challenges in measles
elimination and consequent childhood mortality reduction, with inadequacies and inequalities in the
coverage of the measles-containing-vaccine first-dose (MCV1) being major obstacles. However, these
issues of inequality in MCV1 coverage have not yet been systematically examined. We used data from
the latest Demographic and Health Surveys and Multiple Indicator Cluster Surveys. To provide
a comprehensive picture of existing MCV1 coverage gaps, data were disaggregated by geographic
location, as well as by socioeconomic and nutritional dimensions. National MCV1 coverage ranged from
77% in Myanmar to 92% in Thailand. Only nine of the 104 sub-national districts had achieved the 95%
MCV1 coverage goal as set by the WHO. Geographic inequalities were more pronounced in countries
with lower coverage levels. Areas in clusters with poor MCV1 coverage performances as well as
disadvantaged socioeconomic profiles require increased attention. Inequalities were evident in all
countries, except Thailand, and were more pronounced in the sectors of wealth, education, antenatal
care (ANCQ) status, and vitamin A supplementation (VAS) when compared against the areas of gender
and urban/rural residence. Wealth-related inequality in Bangladesh, education-related inequality in
Indonesia, ANC-related inequalities in Myanmar and Nepal, and VAS-related inequalities in Indonesia
and Myanmar were all noteworthy. Equity-oriented changes in policies focusing on health promotion
and integrated interventions among disadvantaged populations need to be implemented in order to
increase MCV1 coverage and reduce childhood mortality.
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Introduction that these “big six” countries bore 98% of the unvaccinated popu-

lation of the WHO SEAR.” In 2018, India and Indonesia were
among the six countries (Nigeria, India, Pakistan, Indonesia,

Measles is a highly contagious disease and remains as a major
cause of childhood mortality, accounting for 142,300 related

deaths globally in 2018." In 2013, all countries within the
World Health Organization South-East Asia Region (WHO
SEAR) committed to eliminating measles by 2020.° As
a result, significant progress has been made toward eliminat-
ing measles in this region. Thus far, it has been confirmed that
Bhutan, the Maldives, the Democratic People’s Republic of
Korea, and Timor-Leste have all eliminated measles, with Sri
Lanka nearly having done so.>* However, 27% of global
measles deaths still occurred in the WHO SEAR in 2018."
The “big six” countries (comprised of Bangladesh, India,
Indonesia, Myanmar, Nepal, and Thailand), so-called because
they constitute 95% of the population of the WHO SEAR,
remain endemic for measles.”

Measles can be inexpensively and safely prevented through the
utilization of vaccinations. From 2000 to 2018, measles vaccina-
tions prevented an estimated 23.2 million deaths globally." The
WHO SEAR recorded the highest growth in measles-containing-
vaccine first-dose (MCV1) coverage in all six regions, increasing
from 63% in 2000 to 89% in 2018.' However, substantial between-
country inequalities are still evident in this area, shown by the fact

Ethiopia, and Philippines) with the highest number of unimmu-
nized infants globally." One objective outlined by the Strategic
Plan for attaining the aforementioned 2020 WHO SEAR goal is
“achieving and maintaining at least 95% population immunity
against measles within each district of each country in the region
through routine and/or supplementary immunization.”
Achieving this goal will require the MCV1 coverage to be effec-
tively measured by using population-based household surveys
instead of aggregated administrative reports. Furthermore, the
Sustainable Development Goal (SDG) 17 calls for data to be
disaggregated by “income, gender, age, race, ethnicity, migratory
status, disability, geographic location, and other characteristics
relevant in national contexts.”” Geographic, socioeconomic, and
nutritional characteristics might all be significant contributing
factors to vaccination inequalities. Different determinants of
inequalities, such as these factors, can affect vaccination coverage
through different pathways and subsequently lead to different
magnitudes of inequality for each individual® Measuring
MCV1 coverage in terms of the multiple relevant aspects of
inequality serves to provide a more comprehensive picture of
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multidimensional immunity gaps, thereby helping to create more
effective policies aimed at benefiting the most vulnerable members
of the population.”

However, to date, most work in this area emphasizes
wealth-related inequality in healthcare service delivery.'® An
inequality analysis, using the Demographic and Health
Surveys (DHS) surveys conducted from 2005 to 2012, discov-
ered that wealth and education-related MCV1 coverage
inequalities existed in Bangladesh, India, Indonesia, and
Nepal.'” However, MCV1 coverage and its relevant inequal-
ities have not been systematically examined using the latest
DHS that was conducted in the past 3-5 y in those same
countries, with these estimates from Bangladesh, Myanmar,
and Thailand were rarer. In addition, geographically hetero-
geneous vaccination coverage can result in the clustering of
unvaccinated individuals and subsequently threaten herd
immunity, which may then increase the likelihood of
a sustained virus circulation and measles outbreak despite
high national vaccine coverage.'' Substantial spatial hetero-
geneity in measles vaccination coverage has been demon-
strated previously in Sub-Saharan Africa,'>"> but spatial
patterns of MCV1 coverage in the “big six” countries are
still poorly understood. Poorly nourished young children,
especially those with insufficient vitamin A levels, are more
susceptible to contracting and developing severe measles."*
Their inadequate access to nutrition might serve as
a predictor for the presence of related barriers in accessing
vaccinations,'” which is another core issue that has not been
examined in the “big six” countries.

Our objectives were to assess the magnitude of MCV1
coverage inequalities across geographic, socioeconomic, and
nutritional dimensions. Based on this analysis, we identified
priority areas for action, as well as population subgroups that
require more focused attention. Using these results, we
recommend equity-oriented adjustments to current immuni-
zation policies that will improve the health and well-being of
all population groups.

Methods
Design

We used disaggregated data gained from the DHS and
Multiple Indicator Cluster Surveys (MICS). DHS and MICS
are both cross-sectional household-based surveys using two-
stage cluster sampling. In the first stage, sampling frames were
constructed using a preceding national population and hous-
ing census, with primary sampling units being selected
through the use of probability proportional to size sampling.
During the second stage, about 20-30 households within
sampled clusters were randomly selected for a standardized,
face-to-face interview that collected social, demographic,
reproductive, neonatal, childhood, and adolescent-related
information from women, men, and other household mem-
bers. Using similar sampling strategies and standardized ques-
tionnaires ensures that the data collected are comparable
across countries and over time. All questionnaires were vali-
dated through the use of several iterations of pretesting and
field surveying.'®'”

We selected the aforementioned “big six” countries using avail-
able data gained from the DHS and MICS. Appendix A shows the
country-wise survey characteristics. We downloaded the most
recent dataset for each country from the DHS/MICS website
with approval to use the data for further analysis. We downloaded
the administrative boundaries data for the “big six” countries as
well as their sub-divisions from the Global Administrative Areas
(GADM) database.'®

Variables

MCV1 coverage was defined as the percentage of children
aged 12-23 months who had received the MCV1 at any
time before the survey according to either their vaccination
card or mother’s report."®

We selected the dimensions related to vaccination inequal-
ities from the framework used for monitoring equity in Gavi-
supported countries, which has both widespread applicability
and between-country comparability.® The dimensions included
are wealth quintiles, mothers’ education levels, urban/rural resi-
dence, child’s gender, and child malnutrition.® We also selected
dimensions of inequality related specifically to the MCV1 vacci-
nation. The number of antenatal care (ANC) visits carried out
was reported as a probable basis for determining inequality in
the coverage of childhood vaccinations.”® To investigate missing
MCV1 vaccinations among children already exposed to any
other disease that can cause an increase in the case-fatality rate
of measles, such as vitamin A deficiency (VAD),"* the applica-
tion of vitamin A supplementation (VAS) was also selected as
a dimension of inequality.

In the survey data, participants’ asset scores were based on
their ownership of durable assets, housing characteristics, and
access to services. This asset score was then calculated through
the use of a principal component analysis on the information
provided by respondents. Based on the asset score of each
respondent, the whole sample was divided into five wealth
quintiles, arranged from poorest to richest. Maternal educa-
tion was categorized into four levels based on the highest
education level of the mother and was grouped as follows:
no education, primary, secondary, and higher education.
Participants were also grouped into five levels according to
their number of ANC visits as follows: no visit, one visit, two
visits, three visits, and at least four visits. The child’s gender,
urban/rural residence, and the specific district of their resi-
dence were taken directly from the DHS and MICS data. VAS
was considered received if the caregiver reported that the
child had received a dose of vitamin A in the 6 months
preceding their survey interview date. We selected stunting
and wasting as two indicators of malnutrition, which were
also used as proxies for both the chronic and acute forms of
nutritional deficiencies.*' A child is identified as stunted if
their height-for-age Z-score is below minus two standard
deviations (-2 SD) of the median height identified for their
age according to the WHO standard. Similarly, a child is
identified as wasted if their weight-for-height Z-score is
below minus two standard deviations (-2 SD) of the median
weight identified for people at their height by the WHO
standard.”



Statistical analysis

We plotted the national MCV1 coverage, with the district-
level MCV1 coverages being additionally mapped for
improved visualization. The presence of significant spatial
autocorrelations of the district-level MCV1 coverages was
assessed using the Moran’s I test in ArcGIS version 10.7.>
Spatial clustering of districts with a low MCV1 coverage was
detected utilizing the Bernoulli probability model using
SaTScan version 9.6.* Clusters of districts with similar socio-
economic status (SES) and MCV1 coverages were identified
through using a k-means analysis.”® The variables used to
create clusters in the k-means analysis were the standardized
values of district-level MCV1 coverages and district-level pro-
portions of children aged 12-23 months who were from
households lying in the top three wealth quintiles, whose
mothers had attended secondary school or higher, and
whose mothers had received ANC four or more times during
their pregnancy. The thresholds set for the above sociodemo-
graphic characteristics were consistent with the requirements
stated by the specific SDG goals aimed at ending poverty and
ensuring access to both education and ANC.”***” The opti-
mal number of clusters was selected using gap statistics and
within-group sum of squares.28

We examined both the absolute and relative MCV1 coverage
inequalities along the socioeconomic and nutritional dimensions
to reveal a holistic picture of the relevant disparities in these
areas.”” Relative inequality was estimated using the concentra-
tion index (CIX), which quantified these inequalities with an
index range from —1 to 1 and intuitively showed the differences
in the degree of inequality across both dimensions and countries.
CIX is defined as twice the area between the concentration curve
and the 45° line of equality.’® This study used a CIX with
Erreygers correction (i.e., the Erreygers Concentration Index
[ECI]), which was modified specifically for the bounded health
outcomes, including binary indicators such as immunization
coverage.”! Absolute inequality highlights the actual MCV1
coverage gap that exists between the highest and lowest values
of the socioeconomic indicator rank and thus gives an indication
of the appropriate efforts needed to close it. For dimensions with
only two subgroups (ie., child gender, residence, VAS, and
malnutrition), pairwise comparisons were conducted in the
absolute scale by subtracting the MCV1 coverage for the dis-
advantaged subgroup from that of the advantaged subgroup
using lincom post-estimation commands in Stata.’® For indica-
tors in multiple-ordered subgroups, including wealth quintiles,
mothers” education levels, and the number of ANC visits, we
conducted whole spectrum comparisons in the absolute scale by
calculating the slope index of inequality (SII). The SII was
created by assigning each child a continuous rank weighted by
their social group proportions for each dimension and using
logistic regression models to estimate the association between
each child’s relative rank and their individual measles vaccina-
tion outcome. We calculated the absolute differences in the
probabilities of children aged 12-23 months receiving MCV1
at the extremes of the ranks for each dimension as predicted by
the margins command in Stata.”>** In the multivariate analysis,
for each dimension of inequality, we added the other seven
variables to the regression model used to estimate the SII. For
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each indicator in multiple-ordered subgroups, we included their
ranks that were used to calculate the SII in the model.>>** Only
children without any missing information were included in the
model for each dimension. In addition, based on the study
design, the analysis considered the cluster and sample strata
statements in order to estimate the standard errors. A p-value
of 0.05 was considered as significant, with all analyses being
conducted in Stata version 14.0.

Results

Our data were derived using the latest DHS or MICS con-
ducted between 2014 and 2017 in the specified “big six”
countries. The weighted number of children aged
12-23 months in Bangladesh, India, Indonesia, Myanmar,
Nepal, and Thailand were 1633, 47839, 3399, 852, 1034, and
2137, respectively. Other survey characteristics, including the
number of sampled clusters and households, are presented in
Appendix A. Characteristics related to the vulnerability and
inequality of study participants are presented in Appendix B.

There are currently substantial gaps between the 2020 goal
and the actual MCV1 coverage in all of the “big six” countries,
both at the national and sub-national levels (Figure 1). The
estimated national coverage, according to both the DHS and
MICS was lower than the 2020 goal in all six countries,
ranging from 77.1% in Myanmar to 92.0% in Thailand. Out
of all the included countries, nine districts met the 2020 target
of achieving 95% MCV1 coverage at the sub-national level.
Regarding the between-country observations, the average per-
centages of districts with more than 95% MCV1 coverage
were above 40% in Nepal and Thailand; however, no districts
had reportedly reached 95% coverage in either Bangladesh or
Indonesia. Regarding the within-country findings, sub-
national MCV1 coverage varied by more than 20% in four
of the six countries (Appendix C). Notably, the countries with
the largest sub-national absolute inequalities in MCV1 cover-
age were those with the lowest national MCV1 coverage over-
all - namely India, Indonesia, and Myanmar.

Spatial heterogeneity in MCV1 vaccination coverage can be
found across all six of the included countries (Figure 2(a)).
The global spatial autocorrelation analysis revealed
a clustering pattern of low MCVI1 coverage across all six
countries (Appendix D). The largest area with a clustering
of low MCV1 coverage spanned across northeast India
(including Arunachal Pradesh, Manipur, and Nagaland),
northern Myanmar (including Sagaing, Shan, and Kachin),
and Sylhet in Bangladesh (Figure 2(b)). The ratio of the
probability of receiving MCV1 within this area to that of
receiving MCV1 outside of it comes to 0.85 (RR = 0.85,
p < .001). The other two clusters were mainly located in
Gujarat and Bihar. In Indonesia, low-coverage clusters were
detected in the northern region of Sumatra Island and the
western region of Java Island. The four clusters identified
based on SES and MCV1 coverage were low MCV1 coverage,
low SES; high MCV1 coverage, high SES; low to middle
MCV1 coverage, middle to high SES; and middle to high
MCV1 coverage, low to middle SES (Figure 2(c)). The socio-
demographic characteristics of the centers of each cluster of
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Figure 1. Distribution of MCV1 coverage at the district level for the “big six”
countries in the WHO SEAR. Each dot displays the MCV1 coverage in second
administrative units for each country. The box portion of the plot is defined by
the upper lines at the 25th percentile, the middle lines at the 50th percentile,
and the lower lines at 75th percentile. WHO and UNICEF estimates of MCV1
coverage are shown as red triangles.

districts are presented in Appendix E. Districts within the
“low MCV1 coverage, low SES” cluster were mainly distrib-
uted in a continuous band, stretching from the northwest to
the northeast of India. This cluster also contained Chin,
Rakhine, Ayeyarwady, and Shan in Myanmar.

We found significant socioeconomic and nutrition-related
inequalities in MCV1 coverage between the most and least
vulnerable children, both absolute and relative, in all countries
except Thailand. On the relative scale, MCV1 coverage
inequalities were uneven across all countries and dimensions
(Table 1). In Bangladesh, the wealth quintiles and mothers’
education levels were predominant sources of MCV1 coverage
inequalities. In India, Myanmar, and Nepal, ANC-related
inequalities were found to be conspicuous.

On the absolute scale, the results of the univariate analysis
are shown in Appendix F. There were narrower MCV1 cover-
age inequalities found for all dimensions in the multivariate
analysis (Table 2). The heaviest burdens due to wealth- and
education-related inequality were borne by Bangladesh and
Indonesia, respectively. Evident gaps in the MCV1 coverage

between the children of mothers with at least four ANC visits
and those of mothers with no prior ANC visits were found in
Indonesia, Myanmar, and Nepal. MCV1 coverage was 24-
percentage points higher among children who had received
VAS in the 6 months preceding their survey interview date
when compared to those who had missed it in both Indonesia
and Myanmar. Gender-related inequality in India, rural-
urban inequalities in India and Bangladesh, and malnutrition-
related inequalities in India and Myanmar were all found to
be significant, but substantially lower.

Discussion

Our results are based on the latest disaggregated data gained
from both the DHS and MICS, which enabled an update of
the gap between the WHO 2020 goal and the current status
quo, as well as a detailed examination of MCV1 coverage in
specific sub-national districts and population groups.
Between-country MCV1 coverage inequality was noted in
the WHO SEAR. Compared to the four member-states that
have already eliminated measles, the 2020 goal of at least 95%
coverage in each district of each country was not met by any
of the “big six” countries. Within-country inequalities varied
according to each nation. More than half of the districts that
had achieved 95% coverage were located in Nepal and
Thailand, with these also being the two countries with the
narrowest geographical gaps in MCV1 coverage. In the other
four countries, marked geographic inequalities remained. The
spatial scan statistics detected a total of five statistically sig-
nificant clusters of districts with low MCV1 coverage. There
were also clear clusters of districts with similar MCV1 cover-
age and SES throughout the “big six” countries. Wealth,
education, and ANC-related inequalities were more pro-
nounced than those based on gender and urban/rural resi-
dence, and were present existed in all countries except
Thailand. Children exposed simultaneously to the risks of
VAD and measles (who were found in all countries with
available data) deserve special attention from both researchers
and policymakers.

The geographic identification of clusters with low MCV1
coverage would facilitate the identification of population
members more susceptible to outbreaks - this is crucial, as
these clusters of low coverage can weaken the overall herd
immunity of each country. Districts that were in the “low
MCV1 coverage, low SES” cluster were also those facing the
most severe issues of societal inequalities. Sustainable finan-
cing and additional resources aimed at the promotion of
campaigns and interventions to increase access to basic
healthcare services should be allocated specifically to these
areas. Brief interventions providing mothers, on a face-to-
face basis, with information on the benefits of the tetanus
vaccine through home visits were found to be effective in
increasing diphtheria-pertussis-tetanus (DPT) vaccine cover-
age in Uttar Pradesh - a district found in the “low MCV1
coverage, low SES” cluster.”

Locally designed and evidence-based interventions targeting
low-income or ethnically diverse populations were effective in
both the improvement of vaccination coverage and the
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Figure 2. MCV1 coverage at the district level, spatial clustering of low MCV1 coverage, and clusters based on both socioeconomic status (SES) and MCV1 coverage for
in the “big six” countries in the WHO SEAR. (a) The district-level MCV1 coverage. (b) Using the Kulldorff's statistic, we identified the low-coverage clusters and
classified them by the relative risk, i.e., the ratio of the probability of receiving MCV1 inside the cluster to that outside the cluster. (c) Using the k-means analysis, we

identified clusters with similar SES and MCV1 coverage.

Table 1. Inequality in MCV1 coverage quantified by Erreygers concentration index.

Bangladesh India Indonesia Myanmar Nepal Thailand
Wealth index 5 categories 0.16(0.10,0.22)* 0.12(0.10,0.14)* 0.10(0.06,0.14)* 0.16(0.08,0.23)* —0.01(-0.06,0.03) 0.02(—0.04,0.08)
Mother’s education 4 categories °  0.16(0.10,0.22)*  0.14(0.12,0.16)*  0.12(0.08,0.16)*  0.11(0.03,0.20)* 0.10(0.05,0.15)* 0.03(—0.05,0.10)
Antenatal care visits 5 categories 0.13(0.07,0.19)* 0.15(0.13,0.17)* 0.11(0.09,0.13)* 0.21(0.13,0.28)* 0.12(0.06,0.17)* 0.01(—0.01,0.03)

Estimates are Erreygers concentration Indices (95% confidence interval).

2 Four categories of education: no education, primary, secondary, higher education.
b Five categories of antenatal care visit: no visit, one visit, two visits, three visits, at least four visits.

*p < .05.

elimination of relevant inequalities.® Conversely, indiscriminate
interventions may improve the entire population’s overall health-
care but may also maintain or even widen health inequalities
between deprived and affluent groups.” The gradient pattern
for MCV1 coverage formed by different the various included
dimensions differed across the included countries, signifying
a need for different and specialized approaches to increase
MCV1 coverage among disadvantaged groups. Wealth and edu-
cation constituted important sources of MCV1 coverage inequal-
ities in Bangladesh. In India, Indonesia, and Myanmar, the main
reason for MCV1 coverage inequalities might be related to the
number of maternal ANC visits. MCV1 was introduced into the
national immunization programs of all the “big six” countries,
with these programs remaining free of charge.® Therefore, being
of a higher economic status might reflect maternal empowerment,
which then leads to healthier lifestyle choices, including decisions
around vaccine uptake.”® The number of ANC visits represents
the acceptance of and adherence to healthcare services. Higher
ANC visit frequencies might also be a reflection of a person’s level

of healthcare education and an increased awareness of the impor-
tance of vaccinations, which they would learn about during
visits.2’ Therefore, investment in health promotion strategies,
especially those aimed at women without access to education
and displaying a lack of ANC visits, is fundamental in increasing
overall MCV1 uptake. We found no inequalities in MCV1 cover-
age by child gender in most countries, which has been corrobo-
rated by previous publications.>** India, the only country where
gender-related inequality remained,*’ needs to strengthen its gen-
der justice, especially that targeting girl’s rights in terms of access
to basic healthcare services.

To the best of our knowledge, this is the first application of
a healthcare inequalities assessment to nutrition-related vac-
cination coverage inequalities. In 2013, the prevalence of VAD
in the WHO SEAR was 36% (95% CI 9%-67%), accounting
for 10.4% (95% CI 1.8%-23.2%) of all deaths due to measles
among children aged younger than 5 y in this region.'* As
a result, VAS is the best strategy to control VAD and prevent
diseases and deaths attributable to VAD among children aged
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Table 2. Inequality in MCV1 coverage quantified by whole spectrum comparisons (for wealth index, mother’s education, and antenatal care visits) and pairwise
comparisons (for child’s gender, residence, VAS, and malnutrition) conducted in the absolute scale, adjusted for sociodemographic factors.

Bangladesh India Indonesia Myanmar Nepal Thailand
Wealth index 5 categories 0.11(0.02,0.20)*  0.07(0.04,0.09)* 0.06(—0.03,0.14) 0.10(-0.07,0.27) -0.12(-0.22,-0.01)*  0.00(—0.07,0.08)
Mother’s 4 categories * 0.13(0.05,0.21)*  0.10(0.08,0.13)* 0.17(0.09,0.25)* 0.00(-0.14,0.14)  0.13(0.02,0.24)* —-0.07(-0.15,0.02)
education
Antenatal care 5 categories b 0.08(0.00,0.15)*  0.15(0.13,0.17)* 0.42(0.31,0.52)* 0.26(0.12,0.39)*  0.22(0.08,0.37)* 0.12(-0.04,0.27)
visits
Child’s gender Male vs. female —0.01(-0.05,0.03)  0.01(0.00,0.02)* —0.01(-0.04,0.03) 0.06(—0.01,0.13)  0.05(—0.01,0.10) 0.00(—0.04,0.04)
Residence Urban vs. rural —0.01(-0.05,0.04) —0.03(-0.05,-0.02)* —0.03(-0.07,0.01) 0.01(-0.10,0.12)  0.01(-0.04,0.06) 0.00(—0.04,0.03)
VAS Received vs. not 0.10(0.06,0.13)*  0.16(0.15,0.17)* 0.24(0.18,0.29)* 0.24(0.17,0.31)*  0.11(0.02,0.20)* N/E 9
received €
Stunting L\lot stunted vs. stunted  0.00(—0.06,0.05)  0.01(0.00,0.02) N/E f 0.06(—0.03,0.14) —0.01(—0.06,0.04) 0.06(—0.04,0.16)
Wasting Not wasted vs. wasted ¢  —0.02(—0.06,0.02)  0.00(-0.01,0.01) 0.11(—0.04,0.26)  0.04(—0.06,0.14) 0.10(-0.09,0.29)

VAS: Vitamin A Supplementation N/E: Not estimable.

Estimates are slope indices of inequality (95% confidence interval) for wealth index, mother’s education, and antenatal care visits; Data are differences in coverage

(95% confidence interval) for child’s gender, residence, VAS, and malnutrition.

2 Four categories of education: no education, primary, secondary, higher education.

P Five categories of antenatal care visit: no visit, one visit, two visits, three visits, at least four visits.

€ VAS was considered to be received if the care-giver reported that the child had received a dose of vitamin A in the 6 months preceding their survey interview date.
9 A child is identified as stunted if their height-for-age Z-score is below minus two standard deviations (=2 SD) of the median height identified for their age according

to the WHO standard.

€ A child is identified as wasted if their weight-for-height Z-score is below minus two standard deviations (—2 SD) of the median weight identified for people at their

height by the WHO standard.

f The anthropometric data on height and weight were not collected in the 2017 Indonesia Demographic and Health Survey.
9 Information on children’s vitamin A supplements were not collected in the 2015-16 Thailand Multiple Indicator Cluster Survey.

*p < .05.

six to 59 months. All of the “big six” countries, except
Thailand, are priority nations for VAS where increased
national VAS programs are recommended.*' However, groups
of people who missed both the VAS and MCV1, and who are
therefore at a doubled risk of contracting VAD and measles,
existed in all of the priority countries, especially Myanmar
and Indonesia. The simultaneous administration of VAS and
MCV1 to a child aged 9 months leads to increased measles-
specific antibody concentrations at the age of 18 months and
again at 6 to 8 y.*>*’ Sierra Leone conducted a twice-yearly
nationwide Maternal and Child Health Week, providing inte-
grated services that offer both VAS and measles vaccinations
for all children aged six to 59 months.** This method has been
shown to help improve the coverage of both styles of health-
care interventions.** Combining interventions, including
ANC, MCV1, and VAS, may then lead to synergistic health-
care benefits in all of the “big six” countries.

For the dimensions of inequality containing multiple ordered
categories (i.e., wealth quintiles, mother’s education levels, and
numbers of ANC visits), we compared the results obtained from
both the relative (ECI) and absolute (SII) inequity measures.
Most of the conclusions revealed by these two measures were
consistent, except for the increase in the magnitude of ANC-
related inequalities when compared to those along other dimen-
sions in absolute measures in Indonesia and Thailand. It is worth
noting that the ECI is sensitive to changes in the distribution of
the population across different socioeconomic categories.*
Therefore, the small ANC-related inequality in Indonesia and
Thailand quantified by ECI needs to be interpreted with care, for
a considerable proportion of mothers of children aged
12-23 months (91.4% in Indonesia and 95.6% in Thailand)
accessed at least four ANC visits (Appendix B). SII does not
have this disadvantage and provides a more reliable estimate of
ANC-related inequality. Furthermore, the multivariate analysis
considering the effects of the other sociodemographic and

nutritional sources of inequalities in the model functioned to
reduce the overestimation of these inequalities. A significant
proportion of the absolute wealth-related inequalities in both
Indonesia and Myanmar is explained by other sociodemo-
graphic variables. Education and ANC-related inequalities
remained after an adjustment for all covariates were conducted.
Efforts aimed at equitable immunization coverage should thus
pivot from monitoring coverages in different economic strata to
guaranteeing high MCV1 coverages for children of mothers with
lower education levels and/or less frequent ANC visits in these
two countries.

The survey data and analysis methods are subject to several
limitations. First, the DHS and MICS are typically conducted
every 5 y and are thus not able to provide real-time data,
making the initiation of timely actions difficult. Second,
respondent recall biases in an unknown direction may be
significant, particularly because we considered both the chil-
dren’s vaccination cards and their mothers’ recall as reliable
sources of vaccination information. Third, both DHS and
MICS collected information on vaccination coverage for chil-
dren who were alive at the time of the survey, and the
response rate ranged from 95.8% in Myanmar to 98.4% in
Thailand (Appendix A). Therefore, the unavailability of infor-
mation on children who died before the survey and nonre-
spondents may also be a source of bias. Fourth, the Thailand
MICS 2015-2016 only produced estimates at the national level
and only for five regions (Bangkok, Central, North, Northeast,
and South) of the country, but cannot provide high-resolution
details on local performances.

In conclusion, the MCV1 coverage was not on track to
achieve the ambitious 2020 goal outlined for the “big six”
countries. Geographic inequalities persisted, not only within
each of these countries, but also across national borders.
Economic status, mothers’ education levels, and access to
healthcare services prior to receiving the MCV1 vaccination



were all important sources of inequalities, notably in
Bangladesh, India, Indonesia, and Myanmar. Equity-oriented
and context-appropriate programs, such as precise supple-
mentary immunization activities targeting vulnerable districts
and the integration of VAS and MCV1, are required to
achieve the WHO’s 2020 goal, with the SDG that seeking to
ensure eventual universal access to the essential healthcare
benefits of vaccinations. Care must be taken in that, when
applying policies and interventions aimed at specific disad-
vantaged groups, the gaps between them and other smaller
groups are not inadvertently widened. As such, strategies
focusing simultaneously on multiple disadvantaged groups
need also be considered when one is aiming to improve the
healthcare disadvantage people.
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Appendices

Appendix A. Survey characteristics of the “big six” countries in the WHO SEAR

Bangladesh India Indonesia Myanmar Nepal Thailand
Data Source DHS 2014 DHS 2015-16 DHS 2017 DHS 2015-16 DHS 2016 MICS 2015-16
Number of primary sampling units (PSUs) * 600 28326 1967 440 383 1561
Number of sampled households 17989 628900 49261 13238 11473 31010
Number of eligible women 18245 723875 50730 13454 13089 26033
Eligible women response rate (%) b 97.9 96.7 97.8 95.8 98.3 98.4
Number of children aged 12-23 months (unweighted) 1557 49284 3535 915 1009 2156
Number of children aged 12-23 months (weighted) € 1633 47839 3399 852 1034 2137

Data are N.

@ The primary sampling units (PSU) are constructed from enumeration areas (EAs) identified and used in a preceding national population and housing census. They
are sampling units for the first stage of sampling selected using probability proportional to size (PPS) sampling.

b Respondents interviewed/eligible respondents.

¢ Estimates of number considered the cluster and sample strata statements, based on the study design.

Appendix B. Characteristics of study participants

Bangladesh India Indonesia Myanmar Nepal Thailand
Wealth index Q1 376(23.0) 11721(24.5) 680(20.0) 239(28.1) 213(20.6) 400(18.7)
Q2 292(17.9) 10285(21.5) 687(20.2) 187(22.0) 237(22.9) 545(25.5)
Q3 323(19.8) 9663(20.2) 649(19.1) 135(15.8) 236(22.8) 406(19.0)
Q4 335(20.6) 8946(18.7) 727(21.4) 146(17.2) 217(21.0) 496(23.2)
Q5 307(18.8) 7176(15.0) 653(19.2) 145(16.99) 130(12.6) 291(13.6)
Mother’s education None 209(12.8) 13156(27.5) 24(0.7) 124(14.5) 314(30.4) 115(5.4)
Primary 459(28.1) 6650(13.9) 816(24.0) 391(45.9) 214(20.7) 408(19.1)
Secondary 810(49.6) 22484(47.0) 1999(58.8) 266(31.2) 359(34.7) 1179(55.2)
Higher 155(9.5) 5549(11.6) 561(16.5) 71(8.3) 146(14.1) 433(20.3)
Antenatal care visits None 349(21.4) 7367(15.5) 75(2.2) 69(8.2) 36(3.5) 0(0.0)
1 281(17.2) 2757(5.8) 31(0.9) 35(4.2) 47(4.5) 19(0.1)
2 252(15.4) 5656(11.9) 64(1.9) 62(7.3) 82(7.9) 17(0.9)
3 212(13.0) 6131(12.9) 122(3.6) 148(17.5) 128(12.4) 47(2.5)
At least 4 539(33.0) 25618(53.9) 3099(91.4) 529(62.8) 742(71.8) 1806(95.6)
Child gender Male 862(52.8) 24733(51.7) 1716(50.5) 475(55.8) 570(55.1) 1192(55.8)
Female 771 (47.2) 23106(48.3) 1683(49.5) 377(44.2) 464(44.9) 945(44.2)
Residence Urban 389(23.8) 12821(26.8) 1618(47.6) 210(24.6) 511(49.4) 893(41.8)
Rural 1244(76.2) 35018(73.2) 1781(52.4) 642(75.4) 523(50.6) 1244(58.2)
VAS Received 1016(63.0) 31170(65.9) 2812(84.1) 460(54.1) 869(84.0) N/E €
Not received ° 597(37.0) 16129(34.1) 532(15.9) 390(45.9) 165(16.0)
Stunting Stunted 591(38.4) 18664(42.7) N/E ¢ 180(23.2) 184(36.1) 225(11.9)
Not stunted ® 950(61.6) 25046(57.3) 596(76.8) 325(63.9) 1668(88.1)
Wasting Wasted 231(15.0) 9572(21.9) 65(8.4) 65(12.8) 91(4.8)
Not wasted © 1311(85.0) 34138(78.1) 706(91.6) 442(87.2) 1800(95.2)

VAS: Vitamin A Supplementation N/E: not estimable Q1: Quintile 1 (poorest) Q2: Quintile 2 (poorer) Q3: Quintile 3 (middle) Q4: Quintile 4 (richer) Q5: Quintile 5
(richest)

Estimates are N (%).

@ VAS was considered to be received if the care-giver reported that the child had received a dose of vitamin A in the 6 months preceding their survey interview date.

b A child is identified as stunted if their height-for-age Z-score is below minus two standard deviations (—2 SD) of the median height identified for their age according
to the WHO standard.

© A child is identified as wasted if their weight-for-height Z-score is below minus two standard deviations (—2 SD) of the median weight identified for people at their
height by the WHO standard.

9 The anthropometric data on height and weight were not collected in the 2017 Indonesia Demographic and Health Survey.

€ Information on children’s vitamin A supplements were not collected in the 2015-16 Thailand Multiple Indicator Cluster Survey.
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Appendix C. District-level MCV1 coverage and sociodemographic characteristics of the “big six” countries in
the WHO SEAR

Proportion of children with

Proportion of children with
“secondary+" mother’s education

Proportion of children with “four+"

Country District MCV1 Coverage (%) “Q2+" wealth index (%) ? level (%) © mother’s antenatal care visits (%) ©
Bangladesh Barisal 87.5 47.5 57.1 239
Bangladesh Chittagong 87.6 64.5 61.4 26.8
Bangladesh Dhaka 88.4 63.6 58.2 36.2
Bangladesh Khulna 86.2 68.4 71.1 417
Bangladesh Rajshahi 86.0 51.9 59.4 27.1
Bangladesh Rangpur 90.3 44.7 61.9 36.6
Bangladesh  Sylhet 65.6 45.2 42.7 19.2
India Andaman 76.4 91.2 93.6 94.8
and Nicobar
India Andhra 89.4 79.7 68.1 74.9
Pradesh
India Arunachal 54.6 51.0 51.1 26.8
Pradesh
India Assam 714 308 62.0 49.1
India Bihar 794 19.6 329 14.6
India Chandigarh 95.9 95.5 68.1 86.2
India Chhattisgarh 93.9 42.8 57.6 63.4
India Dadra and 81.7 54.5 59.2 824
Nagar Haveli
India Daman and 79.1 89.6 824 65.4
Diu
India Goa 96.5 93.9 834 87.3
India Gujarat 75.0 721 64.6 726
India Haryana 79.0 89.9 64.3 426
India Himachal 87.5 91.5 90.8 715
Pradesh
India Jammu and 86.2 70.8 63.9 84.9
Kashmir
India Jharkhand 82.6 26.6 50.6 29.2
India Karnataka 82.4 75.9 74.5 713
India Kerala 89.4 99.1 99.7 96.7
India Lakshadweep 93.7 100.0 90.5 93.4
India Madhya 79.6 42.3 519 36.1
Pradesh
India Maharashtra 82.8 70.6 79.2 72.5
India Manipur 74.2 59.9 784 70.7
India Meghalaya 718 425 52.8 522
India Mizoram 61.3 80.6 79.4 61.0
India Nagaland 50.1 44.5 64.5 17.4
India NCT of Delhi 91.1 97.0 63.5 73.0
India Odisha 87.9 353 58.6 63.3
India Puducherry 95.4 853 93.5 83.7
India Punjab 93.1 94.4 753 68.5
India Rajasthan 78.1 57.1 435 393
India Sikkim 933 87.2 739 75.6
India Tamil Nadu 85.1 80.9 86.4 83.4
India Tripura 69.7 414 73.9 70.8
India Uttar 70.8 442 45.5 25.9
Pradesh
India Uttarakhand 80.4 78.3 65.0 31.0
India West Bengal 92.8 44.1 63.1 79.0
India Telangana 90.1 771 75.2 73.0
Indonesia Aceh 535 44.5 73.8 86.1
Indonesia Sumatera 68.9 49.8 76.4 78.2
Utara
Indonesia Sumatera 68.3 444 88.0 89.8
Barat
Indonesia Riau 55.5 56.1 77.5 71.7
Indonesia Jambi 77.1 46.7 72.6 90.6
Indonesia Sumatera 85.8 53.7 69.7 86.9
Selatan
Indonesia Bengkulu 771 393 785 87.2
Indonesia Lampung 89.3 515 825 95.5
Indonesia Bangka 82.2 64.4 70.2 88.3
Belitung
Indonesia Riau 81.8 83.2 82.2 84.1
Indonesia Jakarta Raya 79.0 92.1 86.3 98.3
Indonesia Jawa Barat 75.0 69.0 733 934
Indonesia Jawa Tengah 85.9 65.4 73.2 98.7
Indonesia Yogyakarta 89.7 78.6 95.9 100.0
Indonesia Jawa Timur 86.0 72.4 80.6 94.2

(Continued)
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(Continued).

Proportion of children with

Proportion of children with  “secondary+" mother’s education ~ Proportion of children with “four+”
Country District MCV1 Coverage (%) “Q2+" wealth index (%) ? level (%) © mother’s antenatal care visits (%) ©
Indonesia Banten 65.6 76.7 704 883
Indonesia Bali 88.6 76.7 774 94.1
Indonesia Nusa 90.4 39.9 76.9 94.7
Tenggara
Barat
Indonesia Nusa 85.2 9.7 65.5 85.9
Tenggara
Timur
Indonesia Kalimantan 833 36.8 53.6 89.6
Barat
Indonesia Kalimantan 67.4 47.4 79.9 88.1
Tengah
Indonesia Kalimantan 914 584 724 90.4
Selatan
Indonesia Kalimantan 80.4 71.2 81.7 92.5
Timur
Indonesia Sulawesi 93.5 58.7 728 933
Utara
Indonesia Sulawesi 79.5 44.8 93.1 90.8
Tengah
Indonesia Sulawesi 83.9 347 745 92.1
Selatan
Indonesia Sulawesi 824 40.4 704 90.9
Tenggara
Indonesia Gorontalo 92.1 389 80.3 85.8
Indonesia Sulawesi 735 44.5 68.1 88.3
Barat
Indonesia Maluku 726 334 60.6 90.7
Indonesia Maluku Utara 823 20.0 83.2 70.9
Indonesia Papua Barat 81.0 14.8 72.8 82.2
Indonesia Papua 63.1 328 80.9 76.2
Myanmar Kachin 81.9 17.3 69.0 759
Myanmar Kayah 95.6 59.5 58.2 72.0
Myanmar Kayin 82.6 55.5 48.7 68.1
Myanmar Chin 73.0 42.1 37.1 63.3
Myanmar Sagaing 76.9 325 47.1 335
Myanmar Tanintharyi 849 61.0 33.0 64.9
Myanmar Bago 77.6 50.5 388 63.7
Myanmar Magway 91.0 535 49.2 56.9
Myanmar Mandalay 86.5 54.8 42.0 63.4
Myanmar Mon 84.4 77.8 48.6 774
Myanmar Rakhine 734 60.1 449 67.5
Myanmar Yangon 79.7 21.3 20.0 41.7
Myanmar Shan 63.7 739 63.7 82.8
Myanmar Ayeyarwady 70.6 55.4 33.1 46.9
Myanmar Naypyitaw 85.8 121 24.4 55.1
Nepal Province 1 95.7 434 414 70.6
Nepal Province 2 80.0 49.9 60.4 77.6
Nepal Province 3 95.7 72.6 28.8 59.7
Nepal Province 4 97.9 57.0 55.4 73.0
Nepal Province 5 86.3 51.7 60.9 783
Nepal Province 6 94.3 65.4 54.6 72.8
Nepal Province 7 94.1 13.6 48.1 55.6
Thailand Bangkok 95.8 34.0 49.1 85.6
Thailand Central 90.7 724 99.1 98.6
Thailand North 89.8 68.1 89.9 93.9
Thailand Northeast 96.1 359 85.6 95.2
Thailand South 89.3 244 99.0 94.4

@ Wealth index is Q2+ means that the child is from the household in the top three quintiles of the country-specific distribution of wealth.
P Mother’s education level is secondary+ means that the highest level of school the mother attended is secondary or higher.
¢ Antenatal care visits are four+ means that the mother received antenatal care four or more times during pregnancy.
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Appendix D. Spatial autocorrelation based on the district-level MCV1 coverage for the “big six” countries in
the WHO SEAR using the Global Moran’s | statistic.

Moran's Index: 0.328136 Significance Level Critical Value
z-score: 4.707631 (p-value) (z-score)
. 0.01 mm <-258
p-value: 0.000003 0.05 [EE -2.58--1.96
0.10 [ -1.96--1.65
- [ -1.65-1.65
0.10 [ 1.65-1.96

0.05 (=) 1.96 - 2.58
0.01 EE >2.58
A (Random) | e——
Significant Significant

The spatial patterns of the district-level MCV1 coverage can be clustered (Moran’s I value close +1), dispersed (Moran’s I value close —1), or randomly
distributed (Moran’s I index value zero). Given the z-score of 4.707631, there is a less than 1% likelihood that this clustered pattern could be the result
of random chance.

Appendix E Sociodemographic characteristics of the cluster centers
Low MCV1 coverage, High MCV1 coverage,  Low/mid MCV1 coverage, Mid/high MCV1 coverage,

low SES high SES mid/high SES low/mid SES
N =14 N =31 N =29 N =28
MCV1 coverage -1.13 0.56 -0.56 0.52
Proportion of children with “Q2+" wealth index (%) ° —-0.86 1.00 -0.59 -0.07
Proportion of children with “secondary+" mother’s -1.24 0.84 0.44 -0.77
education level (%) °
Proportion of children with “four+” mother’s -1.60 0.68 0.57 —-0.54

antenatal care visits (%) ©

SES: socioeconomic status.

Estimates are z-scores.

? Wealth index is Q2 + means that the child is from the household in the top three quintiles of the country-specific distribution of wealth.
P Mother’s education level is secondary+ means that the highest level of school the mother attended is secondary or higher.

¢ Antenatal care visits are four+ means that the mother received antenatal care four or more times during pregnancy.
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Appendix F. Inequality in MCV1 coverage quantified by whole spectrum comparisons (for wealth index,
mother’s education, and antenatal care visits) and pairwise comparisons (for child’s gender, residence, VAS,
and malnutrition) conducted in the absolute scale

Bangladesh India Indonesia Myanmar Nepal Thailand

Wealth index 5 categories 0.25(0.16,0.33)*  0.19(0.17,0.21)*  0.16(0.10,0.23)* 0.24(0.12,0.36)* —0.02(—0.10,0.05)  0.04(—0.06,0.14)
Mother’s education 4 categories ° 0.27(0.18,0.36)* 0.23(0.21,0.25)*  0.23(0.15,0.30)* 0.19(0.05,0.34)*  0.17(0.08,0.26)*  0.05(—0.09,0.19)
Antenatal care visits 5 categories b 0.21(0.12,0.30)* 0.25(0.24,0.27)*  0.52(0.43,0.61)* 0.38(0.25,0.50)*  0.24(0.13,0.34)*  0.09(-0.08,0.25)
Child’s gender Male vs. female -0.01(-0.05,0.04) 0.01(0.00,0.02)* —0.01(—0.04,0.03) 0.05(-0.01,0.12)  0.02(-0.03,0.06)  0.00(—0.05,0.05)
Residence Urban vs. rural 0.05(0.01,0.10)* 0.03(0.02,0.04)*  0.02(—0.02,0.06) 0.07(-0.02,0.16)  0.03(-0.02,0.08) —0.02(—0.08,0.03)
VAS Received vs. not received ¢ 0.14(0.09,0.19)* 0.19(0.18,0.20)*  0.26(0.21 0 32)* 0.26(0.19,0.34)*  0.19(0.11,0.26)* N/E 9

Stunting Not stunted vs. stunted ¢ 0.04(—0.02,0.10) 0.04(0.03,0.05)* N/E 0.02(-0.06,0.10)  0.00(—0.08,0.06)  0.04(—0.06,0.14)
Wasting Not wasted vs. wasted © 0.01(-0.05,0.07) 0.02(0.01,0.03)* 0.14(0.01,0.27)*  0.14(0.00,0.28) 0.13(-0.06,0.33)

VAS: Vitamin A Supplementation N/E: Not estimable.

Estimates are slope indices of inequality (95% confidence interval) for wealth index, mother’s education, and antenatal care visits; Data are differences in coverage
(95% confidence interval) for child’s gender, residence, VAS, and malnutrition.

2 Four categories of education: no education, primary, secondary, higher education.

P Five categories of antenatal care visit: no visit, one visit, two visits, three visits, at least four visits.

€ VAS was considered to be received if the care-giver reported that the child had received a dose of vitamin A in the 6 months preceding their survey interview date.

9 A child is identified as stunted if their height-for-age Z-score is below minus two standard deviations (—2 SD) of the median height identified for their age according
to the WHO standard.

€ A child is identified as wasted if their weight-for-height Z-score is below minus two standard deviations (-2 SD) of the median weight identified for people at their
height by the WHO standard.
f The anthropometric data on height and weight were not collected in the 2017 Indonesia Demographic and Health Survey.

9 Information on children’s vitamin A supplements were not collected in the 2015-16 Thailand Multiple Indicator Cluster Survey.

*p < .05
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